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t r a d e  names o r  commercial p roduc t s  c o n s t i t u t e  endorsement o r  recommendation 

f o r  use .  
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FOREWORD 


The Environmental P r o t e c t i o n  Agency w a s  c r ea t ed  because of i n c r e a s i n g  

p u b l i c  and government concern about  t h e  dangers  of p o l l u t i o n  t o  t h e  h e a l t h  

a n d . w e l f a r e  of t h e  American people .  Noxious a i r ,  f o u l  w a t e r ,  and spo i l ed  

land are t r a g i c  tes t imony t o  t h e  d e t e r i o r a t i o n  of our n a t u r a l  environment.  

The complexity of t h a t  environment and t h e  i n t e r p l a y  between i t s  components 

r e q u i r e  a concent ra ted  and i n t e g r a t e d  a t t a c k  on t h e  problem. 

Research and development i s  t h a t  necessary  f i r s t  s t e p  i n  problem s o l u t i o n  

and i t  invo lves  d e f i n i n g  t h e  problem, measuring i t s  impact,  and sea rch ing  f o r  

s o l u t i o n s .  The Municipal Environmental  Research Laboratory develops new and 

improved technology and systems f o r  t h e  prevent ion ,  t r ea tmen t ,  and management 

of wastewater and s o l i d  and hazardous w a s t e  p o l l u t a n t  d i scha rges  from municipal  

and community sou rces ,  f o r  t h e  p r e s e r v a t i o n  and t rea tment  of p u b l i c  d r ink ing  

w a t e r  s u p p l i e s ,  and t o  minimize t h e  adve r se  economic, s o c i a l ,  h e a l t h ,  and 

a e s t h e t i c  e f f e c t s  of p o l l u t i o n .  Th i s  p u b l i c a t i o n  i s  one of t h e  products  of 

t h a t  r e sea rch ;  a moat v i t a l  communications l i n k  between t h e  r e s e a r c h e r  and t h e  

u s e r  community. 

Recent documentation of b i o l o g i c a l  t rea tment  p l a n t  performance has  shown 

t h h t  a combination of des ign ,  o p e r a t i o n ,  maintenance, and a d m i n i s t r a t i v e  f a c t o r  

adve r se ly  a f f e c t  p l a n t  performance. A n  approach, c a l l e d  a Composite Correc t ion  

. Program (CCP), w a s  developed t o  addres s  a l l  f a c t o r s  l i m i t i n g  performance a t  

i n d i v i d u a l  f a c i l i t i e s .  Th i s  r e p o r t  documents t h e  CCP t h a t  was implemented a t  

t h e  Havre, Montana Wastewater Treatment P l a n t  and d e s c r i b e s  t h e  r e s u l t i n g  

improvement i n  performance a t  t h a t  f a c i l i t y .  

F r a n c i s  T. Mayo, D i r e c t o r  

Municipal  Environmental  Research 

Labora tory  
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ABS TRACT 

Recent documectation of the per:,rmance of publicly owned wastewater 

treatment facilities has indicated t e a t  a significant percentage of facilities 

arenot meeting design and/or permit t l :  iuent quality requirements. A s  a 
result, a research activity wiis imple-.>ntedto identify, quantify and rank 

the factors limiting plant performanct . Comprehensive evaluations at thirty 

treatment plants were used to determizc factors limiting performance in the 

areas of administration, maintenance, design and operation. In addition to 

the evaluation of performance limiting factors, a method (Composite Correc

tion Programs) of improving plant effluent quality was developed during the 

research effort. This report describes the method which was implemented at 
one facility, describes the resulting improvement in performance for that 

facility and projects the impact ozi performance if similar programs were 

completed at all thirty facilities evaluated. 

A Composite Correction Frogram (CCP) is designed to address all factors 

which limit performance at a particular facility. During this research pro

ject a CCP was implemented at the Havre, Montana Wastewater Treatment Plant. 

The gene'ral approach used was to improve the prozess control decision makizlg 

capability of the plant superintendant and to eliminate administrative, minor 

design, maintenance and operations factors which were preventing optimum per
formance. Effluent quality at Havre for 6 months prior to the CCP averaged 

31 mg/l for BOD5 and 30 mg/l for TSS. Both BOD5 and TSS concentrations aver

aged less than 10 mg/l for the 8-month period following initiation of the CCP 
and development of desired activated sludge characteristics. Between these 

two t h e  periods plact 80D5 loading increased by 27 percent, yet BOD5 dls
charged to the receiving stream decreased by 68 percent. 
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The major conclus ion  documented dur ing  t h e  Havre CCP was  t h a t  t h i s  

type  of program must be  implemented over an  extended pe r iod  because of t h e  

i n h e r e n t  long  t i m e  r equ i r ed  t o  e f f e c t  b i o l o g i c a l  process  response.  A t  Havre 

t h r e e  months were r equ i r ed  t o  achieve  good a c t i v a t e d  s ludge  c h a r a c t e r i s t i c s .  

Continued involvement f o r  a longer  t i m e  (over one yea r )  w a s  r equ i r ed  t o  

t r a n s f e r  t o  t h e  p l a n t  super in tendent  t h e  c a p a b i l i t y  t o  main ta in  good process  

c o n t r o l .  Continued involvement included te lephone,  w r i t t e n  and person t o  

person on - s i t e  c o n s u l t a t i o n .  

An a n a l y s i s  of t h e  p o t e n t i a l  improvement i n  p l a n t  performance t h a t  

could be  achieved i f  C C P ' s  were implemented a t  a l l  t h i r t y  f a c i l i t i e s  eva lua ted  

w a s  developed. S i g n i f i c a n t l y  improved performance w a s  p ro j ec t ed  a t  twenty-one 

of t h e  t h i r t y  f a c i l i t i e s .  I f  t h e s e  p r o j e c t i o n s  w e r e  r e a l i z e d ,  t h e  mass of 

BOD5 d ischarged  t o  t h e  r e c e i v i n g  streams would be reduced by 490 metric 

tons /yea r  ( 5 4 0  t ons /yea r )  and t h e  m a s s  of TSS discharged would be reduced by 

470 m e t r i c  t ons /yea r  (515 t o n s j y e a r ) .  I n  a d d i t i o n ,  sixteen of twenty-three 

f a c i l i r i e s  t h a t  w e r e  found t o  be v i o l a t i n g  minimum secondary t rea tment  s t an 

da rds  could m e e t  s t anda rds  wi thout  major p l a n t  mod i f i ca t ions  t h a t  would re

q u i r e  s i g n i f i c a n t  des ign  and c o n s t r u c t i o n  c o s t s .  Implementing CCP's i s  t h e  

more c o s t  e f f e c t i v e  approach t o  achiev ing  d e s i r e d  treatment o b j e c t i v e s  a t  

most e x i s t i n g  f a c i l i t i e s  , whether o r  no t  major f a c i l i t y  des ign  o r  construc

t i o n  changes are r equ i r ed .  

This r e p o r t  w a s  submit ted i n  p a r t i a l  f u l f i l l m e n t  of Cont rac t  N o .  68-03

2224 by M C I, Inc . ,  Consul t ing  Engineers ,  F o r t  Co l l in s ,  Colorado, under t h e  
5 

sponsorsh ip  of t h e  Environmental P r o t e c t i o n  Agency. Work descr ibed  i n  t h i s  

r e p o r t  w a s  accomplished dur ing  t h e  pe r iod  from June,  1975 t o  December, 1977.  
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SECTION I 


INTRODUCTION 


The "Federal Water Pollution Control Act Amendments of 1972" established 

goals for the quality of the nation's surface waters and programs to achieve 

these goals. A significant aspect of the Act was the expansion of the federal 

grant assistance program for the construction of new and the upgrading of 
existing wastewater treatment facilities. However, the U.S. Environmental 

Protection Agency's annual reports to Congress (1) have indicated that a sig
nific'antnumber of facilities constructed with federal assistance were not 

meeting design standards and/or National Pollutant Discharge Elimination Sys
tem effluent requirements. Additional reports and articles (2, 3 ,  4 ,  5 )  have 
addressed the need f o r  improved operation and maintenance (0 6 M) of municipal 
wastewater treatment plants. These documents have pointed to the area of 

0 & M as the leading cause of poor plant performance. However, improper or 

inadequate 0 & M has become a phrase that has been adopted to describe a broad 
range of performance limiting factors. Staffing requirements, operator sal

aries, design deficiencies, management techniques, industrial wastes, poor ' 

maintenance 2nd inadequate budget are bEt a fzw of the items that are comcnlj. 
described as 0 & 24 2roblems. 

In an effort to define the broad area commonly described as poor 0 & M, 
a research study was funded by the EPA Office of Research and Development to 

identify, quantify and rank the factors causing poor wastewater treatment 

plant performance. Two 24-month contracts were awarded simultaneously to 

private engineering consultants to conduct the research effort, one in the 
Eastern Unired States and one in the Western United States. This report doc

uments a portion of the findings of the research effort by the western con

tractor. A second report titled, "Evaluation of Operation and Maintenance 
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Factors Limiting Municipal Wastewater Treatment Plant Performance," describes 
the overall findings of the western contractor's research effort. ( 6 )  

During the research study a special research approach was developed to 

identify the causes of poor performance. This approach was used during thirty 
3 to 7-day comprehensive evaluations. One of the major conclusions of the 
study was that a number of varied factors limited each plant's performance. 
Many of these factors were obvious and were being addressed by various pro

grams implelnented by the cities, state regulatory agencies and EPA. However, 
many of the performance limiting factors were not obvious and were not being 

addressed by these programs. 

Analysis of the complex interrelacionship of varied performance limiting 


factors and varied programs designed to address these factors led to the de


velopment of a Unified Concept for Achieving Optimum Plant Performance. The 


concept included performance limiting factors in administration,maintenance, 


operation and design, and described how each factor could be individually 


eliminated, partially eliminated or left un-addressed by existing programs 


associated with public wastewater treatment. The concept also related opti


mum performance to the many performance limiting factors associated with each 


plant. The elimination of only a portion of the factors limiting performance 


will not result in the desired improved effluent quality at a particular plant. 


An approach for improving plant performance was developed in conjunction 

with the 'Unified Concept. This approach was called a Composite Correction 

Program (CCP). A CCP is based on optimizing the performance of an existing 

facility by eliminating obstructing factors in administration, design, opera

tion and maintenance. A major difference between the CCP and many existing 

programs is that a CCP concentrates on eliminating all factors contributing to 
poor plant performance at an individual plant, whereas existing programs typi
cally concentrate on specific'areas of need representing common problems at a 
large number of treatment facilities. 

At each of the thirty facilities which were the sGbject of a comprehen


sive evaluation in the research study, a varying degree of operational 


2 



assistance was provided. The assistance was usually limited to improving pro


cess con'trol. Assistance in other areas like administration, maintenance, 


design and long-term process control was usually not provided due to time and 

budget restrictions. However, at the Havre, Montana Wastewater Treatment 

Piant extensive follow-up assistance was provided throughout a full year to 

demonstrate the conduc'tof a CCP. This report describes the Havre CCP and 
documents the improved performance which resulted. Additionally, the poten

tial improvement in performance was estimated for the other twenty-nine plants 

evaluated assuming similar CCP's w e r e  implenented at these facilities. 
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SECTION 2 

CONC ;.!‘STONS 

1. A Composite Correction Program CP: - red at the Havre, Montana Wastewater 

Treatment Facility significantly impy. plant effluent quality. 

A .  Violations of permit standari- were eliminated. 

B. 	 Plant effluent BOD5 and TSS ccncrntrations were reduced from 31 


mg/l to 10mg/l and 30 mg/l ,to 9 mg/l, respectively. 


2. An increase in plant personnel by one operator and an increase in plant 


coverage to 24-hour per day operation successfully reduced the detrimental im


pact of the following plant features that hindered plant operation and perform


ance: insufficient digester volume, digester foaming problems, variable air


lift return pumping rates, return plugging problems and a relatively short 


aeration basin detention time. 


3 .  DetaiSed process evaluation during the Havre Composite Correction Program 

enabled a clarifier short-circuiting problem to be identified and corrected. 

4 .  	 The Havre Composite Correction Program was successful because of a long 

time involvement with plant personnel. 

A. 	 Twelve weeks were necessary to achieve desired changes in activated 
sludge characteristics. 

B. 	 One year was required to transfer to the plant superintendent t h e  

ability to make timely and accurate process control adjustments. 
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5. Composite Correction Programs without major facility construction com

pleted at the thirty evaluated facilities would improve plant effluent quality 

signif,icantly. 

A. 	 Sixteen of twenty-three facilities would meet federally defined sec
ondary treatment standards now violated. The other seven facilities 

would require a major facility msdification to meet secondary treat

ment standards consistently. 

B. 	 The masses of BOD5 and TSS discharged would be reduced by an esti
mated 490 metric tons per gear (5LiO tons/year) and 470 metric tons 

per year (515 tons/year), respectively. 

C. 	 The masses of BOD5 and TSS discharged would be reduced by an esti
mated 38 percent and 37 percent, respectively. 

6 .  Significant differences in the performance potential for suspended growth 

and fixed film type facilities were noted. 

A. 	 Poor performance exhibited at fixed film facilities could not be im

proved significantly with a Composite Correction Program unless major 

facility modifications were also completed. A more conservative de

sign is necessary f o r  fixed film facilities. 

B. 	 Poor performance exkibited at suspended growth facilities could be 

improved through CJmposite Correction Programs without major facili

ty modificatic,ts. Better operation is necessary for suspended growth 
facilities. 

7. Plant underloading did not promote good p lan t  performance. Hydraulic 

loading averaged only 61 perceCt of design, yet 23 of 30 plants did not meet 
secondary treatment standards. 
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8 .  	 Plant expansion through construction is not a satisfactory alternative 

to improving plant performance unless it is part of a Composite Correction 

Program. 
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SECTIfiN 3 

RECOMI4EkTDATIONS 

1. Implement Composite Correction Progrsr.~on a broad scale. 


2. 	 Modify existing operations assistance approaches to include the time as


sociated with stabilizing a biologicai system. 


3. Modify existing training to enable operations personnel to properly apply 


concepts of wastewater treatment to process control. 


4 .  	 Require a more conservative design approach for fixed film wastewater 

treatment facilities. 
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SECTION 4 

HAVRE COTPOSITE COliRECTION PROGRAM 

The Havre, Montana Wastewater Treatment Facility, an activated sludge 

plant, was designed to treat an average swage flow of 6800 cu m/day (1.8 mgd). 
The plant staff consisted of a superinLcndent, maintenance manager and two 
operators. The plant was operated sixteen hours per day, seven days per week. 

Between 1972 and 1975 the original primary treatment plant was expanded to 

secondary treatment. Present treatment facilities consist of grit removal, 

flow measurement, two aeration basins, two final clarifiers, chlorination, 

two aerobic digesters and a sludge lagoon. By design, the Havre facility 
is composed of two independent, parallel activated sludge systems. For this 

report one is called the "east unit" and the other the "west unit." The plant 

flow schematic diagram is shown in Figure 1. 


The Havre CCP was completed using a four-man research 'teamof engineers. 

Two sezior engineers had considerable experience in plant process control, 

administration, maintenance and design. The initial in-plant activities for 

the CCi' were completed in conjunction with a comprehensive research evaluation 

conductea by three team members from July 19, 1976 through July 26, 1976. (6) 
At the same time, these team members completed field work for another com

prehensive evaluation at a smaller facility located in the Havre area. A 


follow-up half-day visit to Havre was made by two team members on August 1 2 ,  

1976. Long-tern telephone consultation was provided by one senior engineer, 
b u t  reflected the opinions and suggestions of' the  e n t i r e  research team. 

Prior to the Havre CCP, the apFroach to process control had been to 

maintain the mixed liquor suspeoded solids W S S )  concentration at about 
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Figure 1. Plant Flow Schematfc for Hawe, Montana. 
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1,000 mg/l and to maintain the return sludge flow rate at a low, relatively 

constant setting (daily average sludge return rate was only 8 percent of the 
daily average sewage flow rate). A MLSS concentration analysis was conducted 
about three times per week. Based on these results, the volume of sludge 
wasted was adjusted. 

During the initial in-plant activities, it appeared that effluent quality 

could be improved significantly by changing the approach used for process 

control. A more comprehensive testing program was initiated, including a 

centrifuge test on the mixed liquor, return sludge and waste sludge to deter

mine concentrations; a settling test on the mixed liquor to determine settling 

characteristics; a depth of sludge blanket test to measure the level of the 

solids-liquid interface in the final clarifiers; and a dissolved oxygen test 

to determine the aeration basin dissolved oxygen concentrations ( 7 +  8). Var

ious daily calculations were initiated to monitor the mass of activated sludge 
in the system, mass wasted and mixed liquor settling characteristics. The 

values of selected test results were plotted so trends in system response 

could be observed. These trends were used to determine when to make process 

control adjustments. 

Based on test results, dramatic process control adjustments were made 

in an effort to improve performance. Initially, process control decisions 

were made primarily by the research team. The rationale for these decisions 

was always discussed with the plant superintendent. A s  time progressed 

( 3  t o  4 months) the Flant superintendent became more comfortable with test 

data interpretation and gradually assumed more and more of the day-to-day pro
cess control decisions. At that time the role of the research team was di
rected more toward providing conceptual guidance concerning the development 

of stable biological characteristics. Through this training approach the 
plant superintendent developed the capability to properly apply concepts of 

wastewater treatment to the operation of his facility. 

10 




PUNT PZRFOXMANCE 


Performance of the Havre Wastewater Treatment Plant was monitored by 

plant personnel twice per week in accordance with the City's NPDES permit re

quirement. Total suspended solids (TSS! and 5-day Biochemical Oxygen Demand 
(BOD5) analyses were conducted on the raw sewage influent. BOD5, TSS and 

fecal coliform analyses were conducted on the chlorine contact basin effiuent. 

A l l  analyses were conducted on 8-hour composited samples except for fecal 

coliform, which was conducted on a grab sample. Monthly averages for these 

tests from January, 1976 through June, 1977 are shown in Table 1. The data 

presented is separated into three time periods. Period 1 is titled "Prior to 
Operations Assistance" and represents performance before the CCP was initiated. 

Period 2 is titled "Initial Operations Assistance'' and represents performance 

after the CCP was initiated, but before clarifier inlet baffles were modified. 

Period 3 is titled "Final Operations Assistance" and represents performance 
after clarifier modifications were completed and better process control was 

achieved. 

For the 6-month time frame of Period 1 the average plant effluent BOD5 
and TSS concentrations were 31 mg/l and 30 mg/l, respectively. During three 

of the six months, the BOD5 and/or TSS permit standards of 30 mg/l were vio

lated. Poor plant 2erformance during Period 1 was attributed to an improper 
approach to process control and to sludge handling problems. 

During Period 2 process control was being improved, but modifications to 

the final clarifiers were not yet made. For the 4-month time frame of Period 

2 ,  some improvement in plant effluent BOD5 and TSS concentration was achieved. 
The plant effluent average BOD5 concentration was reduced from 31 mg/l to 

24 mg/l. Similarly, the plant effluent average TSS concentration was reduced 
from 30 mg/l t o  23 mg/ l .  

During the 8-month time frane of Period 3, a significant improvement in 


plant effluent quality occurred even though the plant influent wastewater 


strength increased. Better plant effluent quality was primarily attributed 


to modifications to the final clarifiers and better process control. From 
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Yeriod 1 t o  Period 3 t h e  r a w  sewage BOD5 concen t r a t ion  inc reased  27 pe rcen t  

( i - e . ,  276 mg/l t o  351 mg/ l ) ,  y e t  p l a n t  e f f l u e n t  BOD5 concen t r a t ion  decreased 

69 percen t  ( i .e. ,  31 mg/l t o  9.7 rng/l). The improveEent i n  p l a n t  e f f l u e n t  

q u a l i t y  r e p r e s e n t s  i! r educ t ion  i n  m a s s  of BOD 5 d ischarged  t o  t h e  stream of 

104 kg/day (229 lb fday) .  S i m i l a r l y ,  t h e  m a s s  of TSS discharged  w a s  reduced 

by 102 kg/day (225- lb /day ) .  

A s  a r e s u l t  of t h e  CCP, an improvement i n  d i s i n f e c t i o n  performance a l s o  

occurred .  The geometric mean f e c a l  co l i form count decreased from 127 p e r  100 

ml dur ing  Per iod  1 t o  31 p e r  100 m l  dur ing Period 3 .  Other b e n e f i t s  were 

lower c h l o r i n e  dosage requirements  and ? L S S  c h l o r i n e  c o n t a c t  b a s i n  rnainte

nance. The c h l o r i n e  dosage w a s  reduced t o  main ta in  a c h l o r i n e  r e s i d u a l  less 

than  t h e  maximum a l lowable  concen t r a t ion  c f  0.5 mg/l. In  f a c t ,  a s m a l l e r  

ro tometer  had t o  be i n s t a l l e d  on the c h l o r i n a t o r  t o  o b t a i n  t h e  r equ i r ed  lower 

dosages.  The c h l o r i n e  cost  sav ing  w a s  an es t imated  40 p e r c e n t ,  o r  $700 per  

year .  L e s s  c h l o r i n e  bas in  maintenance w a s  r equ i r ed  because less b a s i n  clean

i n g  w a s  necessary .  P r i o r  t o  Per iod 3 t h e  e f f l u e n t  TSS concen t r a t ion  w a s  de

c r e a s e d ' b y  30 percent  through s e t t l i n g  w i t h i n  t h e  c h l o r i n e  c o n t a c t  bas in .  

S o l i d s  removal i n  t h e  con tac t  b a s i n  allowed permit  v i o l a t i o n s  t o  be less f l a 

g r a n t ,  b u t  r equ i r ed  repea ted  b a s i n  c leaning .  During Per iod  3 t h e s e  s o l i d s  

w e r e  cap tured  i n  t h e  f i n a l  c l a r i f i e r s ,  and t h e  t i m e  p rev ious ly  spent  c l ean ing  

t h e  c h l o r i n e  con tac t  bas in  w a s  used f o r  a d d i t i o n a l  p rocess  t e s t i n g ,  p reven t ive  

maintenance and gene ra l  housekeeping ac t iv i t i e s .  

The improvgmeat i n  p l a n t  performance a t  Havre i s  i l l u s t r a t e d  i n  F igu re  2 ,  

where 7-point moving averages of c h l o r i n e  c o n t a c t  b a s i n  e f f l u e n t  BOD5 and TSS 

concen t r a t ions  are show.. The 7-point moving averages  w e r e  used t o  smooth 

t h e  v a r i a b i l i t y  in i n d i v i d u a l  d a t a  p o i n t s  so  t r e n d s  i n  performance could be 

r e a d i l y  observed. As shown i n  F igure  2,  p l a n t  e f f l u e n t  BOD 5 and TSS concen

t r a t i o n s  decreased over t h e  18-month per iod  from January ,  1976 t o  June,  1977, 

and were a t  or  near  10 mg/l dur'ing t h e  l as t  7 months. It should be noted t h a t  

t h e  graph i n  F igure  2 is  sepa ra t ed  i n t o  o p e r a t i o n a l  phases  r a t h e r  than  t h e  

performance pe r iods  descr ibed  earlier.  Each of t h e  fou r  phases  shown rep re 

sents a d i f f e r e n t  o p e r a t i o n a l  o b j e c t i v e  that w a s  e s t a b l i s h e d  dur ing  t h e  CCP. 

Each phase i s  d iscussed  l a t e r  i n  t h i s  r e p o r t .  

13 
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Other benefits of improved effluent quality were operator pride in good 


performance and city pride in a good operating facility. These benefits could 


not be tangibly measured, but nevertheless existed. In addition, the plant 


was a training facility for local college students studying Water and Kaste


water Treatment Technology. Students frequently visited the plant for on-the-


job instruction. Observing a well performing, full-scale plant accentuated 


their on-site training. 


PROGRAM DESCRIPTION 


The first step in implementing the CCP at Havre was to establish a sam

pling and testing program to monitor process control parameters. Based 011 

these results, control adjustments were made. Many factors contributed to the 


specific operations decisions made. Most important among these were aeration 


basin size, clarifier size, wastewater strength, sludge wasting capability 


and return sludge flow controllability. The aeration basin sewage detention 


time averaged 6.7 hours. The clarifier surface settling rate averaged 13.6 


cu m/day/m (330 gal/day/ft2).
2 The Havre clarifiers had a surface area which 

was well developed with overflow weirs and effluent launders. Return acti

vated sludge was withdrawn from each of the clarifiers through a center hopper. 

The return sludge flow rate was adjusted and was measured, but varied with 

changes 'in return sludge density. The wastewater strength, as measured by 

TSS and BOD5, was relatively high. Controlled, incrementalwasting was 

completed every hour of the day by adjusting time clock settings. k'aste 

activated 'sludge was directed to two aerobic digesters (total capacity 1000 

cu m (270,000 gallons)) then to a digested sludge holding lagoon with an 

approximate volume of 30,009 cu m (7.9 million gallons). This combination 

of sludge haadling facilities was sufficient so that plant operation was n o t  

limited by inadequate sludge wasting capacity during the CCP. However, it 

should be noted that at the required wasting rate the sludge lzgoons were 

projected to be filled about twice as fast as vas projected in the p i a n t  de

s ign .  

Settled activated sludge in the clarifiers was recurried to t h e  acrst r :?n 

basins with air-lift pumps. A problem existed with retilrn sludge E1ow ccntrol 
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in tkat once set, the flow rate did not ztay constant. 
 Moderate changes ir, 


the return sludge density caused significant changes in tne return sludge 

flow rate. A change in density occurred when the clarifier scraper blade 

pushed sludge into the center hopper. A variable retan sludge flow rate oc
curred frequently during those portions of the project when rapid sludge set

tling conditions existed. A slower, yet adequately settling sludge helped 

alleviate this problem to a degree. 

Separate waste activated sludge pumps for each activated sludge unit 


pumped waste sludge from the return activated sludge line to the aerobic 


digesters. 
 Each waste sludge pump was operated through a separate time clock. 


The amount
Activated sludge wasting was automatically completed every hour. 


wasted was adjusted by changing the time clock settings. The operators 
meas


ured the waste sludge concentration every 4 hours which, combined with the 

waste sludge volume information, resulted in good documentation and control 

over the mass of sludge wasted. 

Sludge was wasted to one of two aerobic digesters. Aerobic digester vol


ume was not sufficient for complete digestion (hydraulic detention time of 8 


days), but during the survey nearly unlimited ultimate sludge disposal capa


bility allowed the desired quantities of sludge to be wasted from the zcti


vated sludge process. 
 Partially digested sludge (specific oxygen uptake rats 


2of 6 mg 02/gm VSS/hr where 1 mg 0 /gm VSS/hr is considered digested) ( 9 )  was 
pumped to a sludge holding lagoon away from the city. The lagoon had storage 


capacity fo2- several yearsr sludge accumiiulation. The lagoon location in 


relation to prevailing winds was fav9rahl.e and no odor complaints were re

ceived concerning the lagoon. ' 

At Havre, the key to good performance was maintaining activated sludge 

settling characteristics which were most desirable for the plant design and 
loading conditions. It was important t-o conduct settling tests that appro

priateiy depicted the sludge settling characteristics. A one-hour settling 

test using a Mallory settleometer was initiated to fulfill this need ( 7 ,  8 ) .  

The results of this settling test are graphically illustrated in Figures 3 and 

4 for the east and west activated sludge units, respectively. These graphs 
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show trends in settling characteristics in terms of ATC, SSC5 and SSC60 


where: 


ATC = Aeration -Tank Concentration in percent by volume using a centri
fuge, SSC5 aGd SSC60 are the -Settled -Sludge -Concentrations calculated 

using the initial measured coricentration (ATC) and the volume of sludge 

in the settleometer after the indicated time (t) of settling (SSVt). 

The equation for this calculation is: 

ssc = 
ATC (1000) 

t SSVt 

In Figures 3 and 4 ,  poor activates +:acige characteristics of slow set

tling are indicated by a low value for bxs::l SSC5 and SSC60. Poor characteris

tics of too rapid settling are indicated by high SSC5 and SSC60 values. De

sired characteristics-ofuniform settling are indicated by a low value for 
SSC5 and a high valve for SSC60 

The SSC concentrations were used in lieu of the more conventional sludge 

volume index (SVI) because SSC values more completely described the sludge 

settling characteristics. The two SSC values depicted the settling pattern 

throughout a one-hour time period, rather than at the single 30-minute time 

period as with the SVI test. For exazple, high SSC6* values indicated that 

the sludge had the abilicy to settLe hnJ concentrate. TSe added SSC5 value 

indicated rapid or slow initial settling. Rapid initial settling was typi
f 

cally accompanied by a cloudy effluent that had a relatively high BOD5 con

centration. A low value of SSC5 in association with a higher.SSC60 value was 

accompanied by a clear effluent as well as with a concentrated settled sludge. 


The settling graphs in Figures 3 and 4 are separated into the four opera

tional phases also shown in Figure 2 ,  which was discussed earlier. Each of 

the f o u r  phases represents a different operational objective or event. 
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Phase I 


Phase I occurred for nine weeks beginning with the start of the CCP. 

Initially, the activated sludge in both the east and west units settled very 

fast (high SSC5 and SSC60 values) and left a cloudy supernatant. A relatively 
cloudy final clarifier effluent existed, and the plant effluent BOD

5 
concen

tration was higher than the associated TSS concentration, as shown in Figure 
2.  The ATC values were relatively low at about 2.5 percent by volume, and a 
large portion of the total system activated sludge mass was retained in the 

clarifiers because of an extremely low return versus wastewater flow percent


age (8 percent). 
 During Phase I significant changes in plant operation were 


5made. The first operational objective was to improve the BOD and TSS removal 


capability of the activated sludge. 


After the initial process control test results were obtained, the return 

versus wastewater flow percentage was increased from 8 percent to between 40 

and 50 percent. Fowever, very poor control over the return sludge flow rate 
existed. The return sludge flow rate that was set varied considerably due t o  

plugging problems, and sometimes the return sludge flow stopped altogether 

when left unattended. The need for better return sludge flow control was a 


routine topic of discussion between the plant superintendent and the research 

team. It appeared that a design modificztion was required to eliminate the 
return sludge plugging problem. However, it was also determined that expanded 
operator attention could replace the need for an immediate design modification 
to the return sludge facilities. 

s 
In addition, aerobic digester foaming prob-


Based on these needs, the
lems also required expanded operator attention. 


superintendent successfully presented a request to the city council for ap

proval to hire one additional operator and t o  expand from 16 hour, seven 
day-per-week operation to 24 hour-per-day operation for five days and 16 hour

per-day operation for two days of the week. This administrative decision 
eliminated the immediate need for the return-sludge design mdification and 
subsrantially aided i n  overall plant operation. 

Other process control changes were made at the same tine the return 

versus wastewater flow percentage was increased. The mass of activated sludge 
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i n  5 0 t h  t h e  east and w e s t  u n i t s  w a s  increased  t o  improve i t s  BOD5 and TSS 

iemoval c a p a b i l l t y .  An i n d i c a t i o n - o f  t h e  relative i n c r e a s e  i n  a c t i v a t e d  

s ludge  m a s s  i s  shown i n  F igures  3 and 4 i n  terms of t h e  ATC va lues .  The ATC's 

w e r e  i nc reased  and main ta ined ,  through was t ing ,  a t  an i n i t i a l l y  s e l e c t e d  

level of 3 .7  pe rcen t  by volume f o r  t h e  east u n i t  and 4.2 percen t  by volume f o r  

t h e  w e s t  u n i t .  I n  bo th  u n i t s  t h e  a c t i v a t e d  s ludge  c h a r a c t e r  began t o  change. 

Both t h e  SSC5 and SSC60 va lues  began t o  decrease ,  i n d i c a t i n g  slower o v e r a l l  

s e t t l i n g ,  and t h e  supe rna tan t  i n  the  s e t t l e o m e t e r  began t o  become less t u r b i d .  

The f i n a l  c l a r i f i e r  e f f l u e n t  c l a r i t y  improved and t h e  p l a n t  e f f l u e n t  BOD 5 
concen t r a t ion  began t o  dec rease  (See F igure  2 a t  t h e  start of Phase I ) .  How

eve r ,  t h e  a c t i v a t e d  s ludge  began t o  rise i n  t h e  s e t t l e o m e t e r  p r i o r  t o  t h e  

conclus ion  of t h e  60-minute s e t t l i n g  tests.  A t  t h e  same t i m e ,  a heavy scum 

l a y e r  developed on t h e  s u r f a c e  of both f i n a l  c l a r i f i e r s  and an i n c r e a s e  oc

cur red  i n  t h e  amount of a c t i v a t e d  s ludge  s o l i d s  l o s t  i n  the  c l a r i f i e r s '  e f f l u 

e n t .  F igure  2 shows inc reased  TSS and BOD 5 concen t r a t ions  i n  t h e  p l a n t  e f 

f l u e n t  toward t h e  end of Phase I. It i s  important  t o  n o t e  t h a t  n i n e  weeks had 

e lapsed  s i n c e  t h e  CCP had been i n i t i a t e d  and p l a n t  e f f l u e n t  q u a l i t y  had not  

y e t  s t a b i l i z e d  a t  an  improved level.  I n  f a c t ,  p l a n t  e f f l u e n t  q u a l i t y  w a s  de

t e r i o r a t i n g .  The p l a n t  o p e r a t o r s  were discouraged,  b u t  cont inued t o  s t a y  

w i t h  t h e  p r o j e c t  because,  accord ing  t o  t h e  p l a n t  supe r in t enden t ,  "We be l i eved  

i n  t h e  b a s i c  concepts  and f e l t  t h a t ,  l o g i c a l l y ,  i t  should work." 

Process  response  a t  t h e  conclus ion  of Phase I w a s  confus ing  i n  t h a t ,  

based on t h e  c o n t r o l  test  d a t a ,  r i s i n g  s ludge  should n o t  have occurred and 

excessive. s o l i d s  should n o t  have been l o s t  over  t h e  c lar i f ier  w e i r s .  The 

v a l u e  w a s  only about  7 percen t ,  and based on exper ience  much h ighe r  

SSC60 v a l u e s  had been a s s o c i a t e d  wi th  r i s i n g  s ludge  cond i t ions .  Also, t h e  

t o t a l  mass of s ludge  i n  each a c t i v a t e d  s ludge u n i t  w a s  too  low fo expect  

r i s i n g  s ludge  c h a r a c t e r i s t i c s .  Typ ica l ly ,  r i s i n g  s ludge  c h a r a c t e r i s t i c s  had 

been observed a t  o t h e r  f a c i l i t i e s  when a r e l a t i v e l y  h igh  and "older"  mass of 

s ludge  e x i s t e d .  During a t y p i c a l  CCP a p l a n t  v i s i t ' w o u l d  have been conducted 

t o  "tie-in" c o n t r o l  t e s t  d a t a  wi th  on - s i t e  obse rva t ions .  Budget c o n s t r a i n t s  

p r o h i b i t e d  t h i s  op t ion .  
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Phase II 


Phase I1 occurred for five weeks and incorporated a short-range opera

tion's objective to eiiminate the rising sludge condition and associated scum 

prcblems. A decision was made to decrease the mass of activated sludge in 

both systems through increased wasting, and thereby lower the "age" of the 

sludge. This decision was made even thcugh it was known that the existing, 

relativeiy low quac.tity of activated sl:.;dgein the system and slower s l u d g 2  

settling characteristics did not indicate an "old" sludge condition could be 

causing the problems. Subsequently, tb:? ?vents occurred with respect to the 

activated sludge character. The s lu0ge  settling rate was further decreased 

and the sludge'rising condition was el:-inated. Slower overall settling was 

documented through the SSC 
60 

values, v!::ck decreased from about 7 percent to 
abciut 5 percent in both the east and ~ * ' L Y I  units. 

It was anticipated that a reduced system activated sludge inventory would 

decrease the SSC
60 

value and would yield a very clear supernatant in the 

settleometer (i.e., produce a bulky sludge). It was also felt that a good 

quality effluent could be achieved if the sludge blanket could be contained in 

the final ciarifiers. It was realistically anticipated that a fairly bulky 
sludge.could be contained in the final clarifiers because of their relatively 

2low overflow rates at about 13.6 cu m/day:sq m (330 gal/day/ft j .  

When wasting was increased and total system activated sludge mass was 

, decreased, the SSC60 values decreased and the supernatant clarity in the set

tling test 3ar improved - both as predicted. Activated sludge was contained 

in the final clarifiers and their effluent was relatively clear, but for an 

unknown reason the clarifiers' effluent concained excessive discreet f l o c  

particles. This situation should not have occurred when the clarifier sludge 

blanket was being  contained. It was felt that additional influences wsre pos
sibly interfering with biological system response. A plant visit would have 

been desirable 3ut was not feasible dtle to budget constraints. The possibili

ty of some outside influence was discussed wit5 the plant superintendent. The 
superintendent reported that since the rising sludge condition had stopped and 
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the scum problem had dissipated, he was able to observe what appeared to be 


short-circuiting in the final clarifiers. 


During tke initial on-site efforts of the Havre CCP, it was observed that 

the operators had modified the clarifier inlet baffles. The baffles had been 

cut-off about 15 cm (6 in) below the clarifier water surfaces in order to de
crease the build-up of trapped scum and to eliminate freezing problems that 
had occurred during the previous winter. This modification is illustrated in 

Figure 5, and proved to be the source of much of the confusion in process 

response that was described earlier. Khen the inlet baffles were modified 

some of the mixed liquor that entered the clarifier overflowed the inlet baf
fle. This condition did not represent a problem when the activated sludge 

settling rate was fast, as existed during the initial on-site efforts. How


ever, when the activated sludge settling rate decreased, solids traveled ac


ross the clarifier surface toward and over the effluent weirs before they 


settled out. 
 This short-circuiting situation became pronounced toward the 


end of Phase I and during Phase I1 when the activated sludge settling rate was 


much slower. 
 The short-circuiting problem became more visuzlly apparent at 


the end of Phase I1 when the scum on the clarifier surface had dissipated. 


After discussing the effects of the inlet modification with the plant 

superintendent,a decision was made to drain down the clarifiers and weld 
back on the portions of the inlet baffles that had been removed. This task 

was accomplished, and an immediate significant improvement in plant effluent 
quality occurred even though the activated sludge settling rate was still 

very slow. 

Phase 111 


The elimination of clarifier scum and short-circuiting marked the begin


ning of another operations objective and the start of Phase 111. 
 Effluent 


quality had improved significantly,but activated sludge settling characteris


tics had not yet improved. A 

sludge mass and to again work 
vated sludge wasting rate was 

decision was made to increase system activated 
toward improving the settling rate. The acti
reduced and sludge mass was increased to a prs
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s e l e c t e d  h ighe r  va lue .  The i n c r e a s e  i n  q u a n t i t y  of a c t i v a t e d  s ludge i n  t h e  

system occurred  i n  bo th  t h e  a e r a t i o n  b a s i n s  and c l a r i f i e r s .  The q u a n t i t y  

i n c r e a s e d i n  t h e  a e r a t i o n  b a s i n  i s  shown i n  F igu res  3 and 4 i n  terms of t h e  ATC 

va lue .  A f t e r  ho ld ing  t h e  ATC a t  a h ighe r  v a l u e  f o r  about six weeks, the ac t l 

va ted  s ludge  s e t t l i n g  ra te  began t o  improve. The SSCG0 i nc reased  from about  

4 percen t  t o  about  9 pe rcen t  i n  both  t h e  east and w e s t  a c t i v a t e d  s ludge  u n i t s .  

A t  t h a t  t i m e ,  problems were encountered wi th  t h e  u lz imate  s ludge  d i s p o s a l  

pump. Sludge i n  t h e  a e r o b i c  d i g e s t e r s  could n o t  be pumped t o  t h e  s ludge  la

goon, t h u s  a c t i v a t e d  s ludge  could n o t  be proper ly  wasted t o  t h e  d i g e s t e r s  from 

t h e  a c t i v a t e d  s ludge  systems. Due t o  the  r e l a t i v e l y  long t i m e  t h a t  w a s  neces

s a r y  t o  improve t h e  a c t i v a t e d  sludge c h a r s c t e r i s t i c s  t o  t h e  poLnt which had 

been achieved,  it w a s  decided t o  p r o t e c t  t h e  east u n i t  s ludge  c h a r a c t e r i s t i c s  

by con t inu ing  t o  w a s t e  from t h e  east u n i t  t o  t h e  w e s t  u n i t .  Eowever, t h e  

method of was t ing  from t h e  east u n i t  t o  t h e  w e s t  u n i t  w a s  ve ry  d i f f i c u l t  t o  

c o n t r o l ,  and a wide f l u c t u a t i o n  occurred i n  both  t h e  east and w e s t  u n i t  acti

va ted  s ludge  masses. A s t a b l e  p l a n t  ope ra t ion  d i d  n o t  ex is t ,  and t h e  n e t  

e f f e c t  w a s  a dec rease  i n  t h e  a c t i v a t e d  s ludge  s e t t l i n g  rate f o r  bo th  u n i t s  

dur ing  t h e  one and one-half week pe r iod  f o r  which t h e  pump w a s  ou t  of service. 

These results d r a m a t i c a l l y  poin ted  ou t  t o  p l a n t  personnel  t h e  need f o r  addi

t i o n a l  s p a r e  p a r t s  and b e t t e r  emergency maintenance procedures .  

The a c t i v a t e d  s ludge  s e t t l i n g  r a t e  cont inued t o  be r e l a t i v e l y  slow even 

a f t e r  t h e  pump was r e p a i r e d  and p laced  i n t o  service. The SSC60 decreased 

from about  9 pe rcen t  b e f o r e  t h e  pump f a i l u r e  t o  about  5 pe rcen t .  It should 

be  noted t h a t  du r ing  t h e  Phase I11 bulky s ludge  cond i t ions ,  as shown i n  

F i g u r e s  3 and 4 ,  t h e  TSS c o n c e n t r a t i o n  of t h e  f i n a l  e f f l u e n t  w a s  g r e a t e r  than  

t h e  BOD5 concen t r a t ion ,  as shown i n  F igure  2.  The BOD5 and TSS concen t r a t ions  

w e r e  r e l a t i v e l y  low, b u t  n o t  as l o w  as could be achieved. Af t e r  t h e  u l t i m a t e  

s ludge  d i s p o s a l  pump was r e p a i r e d ,  t h e  a c t i v a t e d  s ludge  system masses i n  both 

u n i t s  w e r e  a g a i n  he ld  a t  a c o n t r o l l e d ,  h igher  l e v e l  t o  encourage improved 

a c t i v a t e d  s ludge  s e t t l i n g  c h a r a c t e r i s t i c s .  A f t e r  f o u r  weeks t h e  a c t i v a t e d  

s ludge  s e t t l i n g  r a t e  began t o  improve, b u t  continued t o  i n c r e a s e  beyond t h e  

point d e s i r e d .  A d r a s t i c  i n c r e a s e  i n  the activated sludge settling ra te  dur

ing  Phase I11 i s  shown i n  t h e  s e t t l i n g  d a t a  i n  F igures  3 and 4 .  During t h i s  

v e r y  r a p i d  s e t t l i n g  c o n d i t i o n ,  t h e  o p e r a t o r s  r epor t ed  a more cloudy appearance 
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of the supernatant in the settleometer and in the clarifier effluent. Also, 
the BOD5 concentration of the final effliient increased and the TSS concentra

tion decreased. The desired situation of both decreased BOD5 and TSS and a 
stable plant operation did not yet exist. 

It is noted that the Havre final effluent quality was always quite good 
after the clarifier short-circuiting problem was eliminated. Even during 

periods of slow activated sludge settling rates, poor effluent quality was 

not experienced. The primary reasons for a relatrvely good quality effluent 

during s low activated sludge settling cdnditions was the combined benefits of 

a wastewater flow rate less than design and a relatively conservative clarifi

er design size. This reserve capacity is typically not available at most 

wastewater treatment plants, yet other installations require the same general 

approach in order for an ixprovement in performance to occur. Correct opera

tional decisions must be made and'adequate time must be allowed to achieve 
system response. At Havre, approximately 12 weeks elapsed from the time a 
decision was made to increase the ATC'S to the time an improvement occurred 

in the activated sludge settling rate. A disruption was encountered due to 
problems with the ultimate disposal sludge pump, but some type of disruption 

was not totally unexpected. During the 12-week time frame no significant 

changes in the aeration basin dissolved oxygen (D.O.) concentration or return 

sludge flow percentage were made. The aeration basin D.O. concentration 

varied from about 4 mg/l to 7 mg/l. The return sludge flow percentage was 

about 40 percent. Also,  no chemicals were added to the system to change 

sludge chqracter. The most important observation was that three months e

lapsed before the activated sludge developed more desirable settling charac

teristics. 

Phase IV 


The development of a rapid. activated sludge settling rate marked the be


ginning of another operations objective and the start of Phase IV. The active 


sludge mass in the system was slightly decreased in an effort to slow down 


the activated sludge settling rate and improve its BOD5 removal capability. 

Also, "fine tuning" of the activated sludge process was initiated to provide 
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the plant operators better control over the activated sludge settling charac

teristics. The mass of sludge wasted, return sludge flow rates and dissolved 
oxygen concentrations were all more carefully controlled. The biological 
system was maintained at a point of relative stability through continual oper

ations adjustnents. The superintendent slightly reduced the ATC to slow 

down the settling rate and improve its BOD5 removal capability and slightly 

increased the ATC to speed up its settling rate and improve its manageability 
through better containment within the final clarifiers. Small variations in 

activated sludge characteristics and plant effluent quality occurred, but 

timely operations adjustments prevented large fluctuations and eliminated ex

tended periods of poor performance. FDr an 8-month period the plant effluent 

BOD and TSS concentrations averaged 10 ng/l and 9 mg/l, respectively. The5 

plant superintendent justifiably believes that this high degree of treatment 

can be achieved consistently. 

DISCUSSION 


The Havre CCP demonstrated that significantly improved performance could 


be achieved using existing wastewater treatment facilities. Improved perfor


mance occurred after several modifications were made to plant operation, de


sign, administration and maintenance. The plant operator's ability to apply 


concepts of process coctrol at his facility was improved. A minor modifica


tion to the clarifiers was nade. An administrative change regarding plant 


staffing was implemented. The necessity of a good preventive maintenance 

i 

program was reinforced. The CCP also identified the process control parame


ters that were most critical at the Havre plant with its particular physical 


facilities. 


The most critical process control parameter at Havre was the sludge set

tling rate as controlled by the ATC. It was determined that the Hzvre acti
vated sludge system perfcrmed best when the sludge settling rate was rela
tively slow (i.e,, demonstrsted bulky sludge conditions). The reasons �or 

this were associated with the relatively short aeration time and associated 

high BOD5 loading rate, and the relatively large clarifier size which enabled 

the slower settling sludge to be contained in the systems. The Havre plant 
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operated well under these conditions,but very close operator attention wad 

requirea to maintain the desired sludge characteristics. For example, 

wasting was often drastically adjusted each day in order to maintain the de
sired ATC. The existing Havre facility will always r'equire strict operations 

control to achieve a stable operating condition, which will become even more 
pronounced when the wastewater flow rate to the facility increases. The 

present good. effluent quality associated with relatively slow activated sludge 

settling rates may not occur as the wastewater flow rate increases. However, 
through continued timely adjustments of t>.e critical process control para

meters, the plant effluent quality should neet the existing NPDES Permit stan
dards at least until the plant design flow rate is reached. 

It is expected that other wastewater treatment facilities will have dif
ferent critical process control parameters, depending on their specific design 

arrangement, wastewater strength and other unique features. For example, in 

plants that have a longer aeration basin wastewater detention time, somewhat 
less exact control would be expected to maintain a stable operating condition. 

In plants that have a proportionately smaller clarifier and a higher clarifier 

surface overflow rate, more difficulty would be encountered to operate through 

bulky sludge characteristics, It is not expected that all facilities could 
get into or out of a bulky sludge condition by following the specific values 
for A T C ,  return rate, D.O. concentration and other control variables which 

were discussed in this report. 

A majo? reason for the success of the Havre CCP was the extended length 
of time over which the program was conducted. It was noted earlier that 

twelve weeks were required to develop a desired activated sludge settling 

. 	rate. Additional time was required to transfer the process control decision 
making capability to the plant superintendent. The time required to develop 
desired activated sludge settling characteristics at other facilities could 

easily be equal to or greater tdan the time required at Havre. This time 

requirement in itself supports the conclusion that CCP's must: be implemented 
over a long time period (i.e., three to six months). However, additional 

time (i-e., one to two years) is necessary to adequately transfer to plant 

personnel the ability to make timely and accurate in-plant control adjustments. 
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After a 4-month period, the Havre s.iperintendent satisfactorily made all 

short-range control decisions,,such as determining wastirig requirements to 

maintain a desired ATC. After nearly a year the superintendent was also 
making long-range decisions, such as selecting the desired ATC value. A 

l-year time period was necessary even though the superintendent had two years 

of general administration college training, had received formal training for 

two years at a water and wastewater tec!:r!ologyschool and had an excellent 

apt i tude  and personality. It should a15 be noted that the superintendent 

continues to.discuss plant operetion an2 Fyrformance with the research team 

on a periodic basis in order to obtain . -.<:and opinion on major control de

cisions. His not relying on, but using a-ailablehelp to the advantage of 

his operation, illustrates the security K .  :<h he has developed that accompan

ies the competency which he has achievei;. The success of CCP's is equally 

dependent upon developing optimum biolopicai conditions and developing opera

tor competency. Both are time consuming functions. 

A major conclusion of the overall research study, for which the Havre CCP 
was one segment, was that presently there are not a sufficient number of 

persons with adequate background and training to successfully conduct CCP'S 
on a broad scale. ( 6 )  One reason for this occurrence is that a need for 

these services has not been developed due to inadequate enforcement and a 
general "construction" approach to achieving better p1aEt effluent quality. 

I 1Another reason is that process control "authoritative sources, such as con

sulting engineers, regulatory personnel, equipment suppliers and others have 

not correctly approached operations assistance. Generally, persons who give 

technical guidance at biol.ogica1 wastewater treatment plants do not observe 

system response f o r  a l m g  period of time. A s  a result, most do not under

stand the consequences of their suggestions and seemingly good suggestions 

may be incorrect,or correct for the present situation but incorrect at a 

later date. Process control suggestions made under these circumstances lead 

to improper technical guidance; Furthermore, failure to observe system re

sponse over the time frame required to see the full impact of recommendations 

made does not promote the improvement of technical assistance capability. 

Conversely, the approach taken at Kavre allowed both plant personnel and re
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search team menbers to use che project as a learning experience. In so doing, 


research team members have expanded their assistance capabilities, 


Because of the success with the Havre CCP and the obvious need for im
proved performance at a large number of the facilities studied under the re

search contract, an analysis of conducting similar CCP's at other facilities 

was completed. This analysis and the projected benefits are presented in the 

next section of this report. 

t 
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SECTICIN 5 

PROJECTED IMPROVEMENT THROUGH COMPOSITE CORRECTION PROGRAMS 

This section of the report describes the potential improvement in plant 

effluent quality which could be achieved if CCP's without major facility up

grades were conducted at all thirty faciities for which an evaiuation was 

made during the overall research effort. (6) Also.describedis the actual im

provement in performance which occurred a t  some facilities as a result of 

the research evaluations. Some operations assistance was provided to aid in 

the collection of research data. The success of this assistance in improving 

performance was depepdent upon the number and type of performance limiting 

factors encountered. Telephone communication similar to that used during the 

Havre CCP was maintained with some facilities. Generally, technical assist

ance provided during the research evaluations included only operations factors 

limiting performance, and was specifically limited to improving the operations 

capabilities of the process control decision xaker. In a few cases, minor 
plant modifications were made. The scope of these assistance efforts was 

considerably less than the effort expended during the Havre CCP. Improvement 

typically was not doctimented to the same extent. In addition, it could not be 
predicted that these Tlants would continue to perform at the improved level. 

Improved performance occurred at seven facilities, including Havre. 

During the Havre CCP, activated sludge characteristics went through several 

different and typical changes: bulky, scum-producing, rapid settling and 
optimum. When combined with extensive operations help, this guided observance 

and control of different activated sludge characteristics allowed for the 
transfer of process control capability and process understanding to the Havre 

superintendent. This time-related training was not completed at the other 

six facilities where improved performance occurred. 
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The research evaluations of various treatment plants were limited to 

facilities whose wastewater flvw rate was less than 37,850 cu m/day (10 mgd), 

Facilities were evaluated with flows ranging from 26 cu m/day (0.007 mgd) to 
30,660 cu m/day (8.1 mgd). The average wastewater flbw rate f o r  the thirty 
facilities evaluated was 5070 cu m/day (1.34 mgd). Statistically, the size 

range of the facilities studied represents the largest number of wastewater 

treatment plants in the United States. 

Each of the facilities studied must discharge an effluent that does not 

violate the federally defined minimun secondary treatment standards. Some 

were required t o  meet more stringent 2ffluent requirements. Twenty-three 

of the thirty facilities studied were n o t  achieving desired effluent quality 

at the start of the research evaluations. The improvement in performance 
which occurred as a result of the research evaluation and the additional im

provement which could occur if CCP's w e r e  implemented at all facilities are 

discussed. Improvement in effluent quality is described in terms of reduction 
of total mass of pollutants discharged. The reduction of mass of pollutants 


It
discharged is significant relative to the size range of plants evaluated. 


is also significant when described in terms of a percentage improvement from 


the former status. 


REDUCED POLLUTANTS IN THE PLANT EFFLUENT 

For discussion purposes, the thirty facilities evaluated were grouped 


into three categories: 
 1) Plants for which an improvement in performance 


did occur, 2) Plants for which an improvement in performance could occur by 

implementing a CCP and 3) Plants for which a significant improvement in per

formance is doubtful without major expansion or modification of the existing 
treatment facilities, The associated improvement for each of the thirty 

facilities is presented in Tables 2, 3 and 4 ,  which correspond to the above 
categories. In the tables, each facility is discussed separately. 

Although it cannot be predicted that e plants in Table 2 will maintain 
the improved performance achieved as a result of the research evaluation, the 

improvement that occurred and the level of treatment indicated could be 
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achieved arid likely exceeded if C C P ' s  wex-2implemented at these facilities. 

It was recognized that many of the facilities in Table 3 for which improved 

performance could be expected would require minor plant modifications as part 

of a CCP. These minor modtficaticns were differentiated from major facility 

expansions in that they could be completed by plant personnel and/or a local 

contractor and would not justify extensive planning ("201" studies), design, 

and construction steps normally associated with plant upgrades. An example 
minor modification would be adding the piping flexibility t o  discharge a good 
quality mechanical plant effluent when desired, rather than having to dis


charge a poor quality polishing pond effluent. 


Various approaches were used to develop performance data for Tables 2 

and 3 .  Whenever possible, accurate records were used to indicate performance. 

However, at some plants the historical data did not reflect known poor per

formance conditions, especially in plants which had a history of "bulking" 

sludge. (Note: "Bulking" as used here does not differentiate between a true 

poor settling sludge and an excess solids inventory condition). At plants 

which had good sludge wasting records, the amount of solids lost due to bulk
ing was estimated by determining the amount of activated sludge wasted after 

operations assistance was provided and the excessive solids l o s s  condition 
was eliminated and comparing this value with the amount of sludge wasted prior 

to assistance. In these plants an increase or decrease in the system's sludge 

inventory was considered in determining solids loss due to bulking. At plants 

with poor sludge wasting records an empirical sludge production value was 

calculated?basedon plant loading and ciesigg information. Using these methods, 

the amount of TSS lost in the effluent w2.s estimated. Typically, the amount 

of BOD5 lost during bulking periods was less than the amount of TSS lost. 
During evaluations at five plants, separate samples were collected during 

observed bulking periods. These samples were analyzed for BOD 5 and TSS cen
centration. The average BOD5 to TSS ratio for these samples was 0.5. There

fore, for plants with a history of slcdge bulking, the effluent BOD5 concen
trations were calculated to be 50 percent of the estimated TSS concentrations, 

unless records were available to obtain more specific BOD
5 
values. 
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In plants with effluent polishing ponds, historical data for BOD5 and 
TSS removals through the ponds w z s  usually not available. In many of these 
facilities the mechanical plant performance was poor and had been poor, as 

evidenced by a large sludge accumulation in the ponds. In this respect, the 
ponds had been instrumental in removing some of the solids discharged in the 

mechanical plant effluent. However, none of these facilities consistently met 

standards. Two major points are made with respect to mechanical plants fol

lowed 3y polishing ponds. One point is that some pollutant removal occurs 

within ponds. The extent of the reinoval is seasonal in nature and is de

pendent upon pond detention time, but nevertheless occurs. A second point is 
that che addition of polishing ponds did not allow any of  the facilities in

vestigated to consistently meet secondary treatment standards. A polishing 

pond was not a satisfactory substitute for good plant operation. Pond by

passes allowing direct discharge of a high quality mechanical plant effluent 
were recommended in conjunction with improved operation at facilities that 

had polishing ponds. The addition of pond bypasses was considered a minor 

plant modification in establishing the values presented for the potential 
performance of plants with effluent polishing ponds. 

The actual and estimated potential improvement in plant performance from 
Tables 2 and 3 are summarized in Table 5. Overall total improvement is also 
shown. This total improvement could be achieved if CCP's, excluding major 

facility expansion, were implemented at all twenty-one of the facilities 

shown in Tables 2 and 3.  The projected total reduction of BOD5 discharged is 

490 metrit tons/year (540 tonslyr), and the total reduction of TSS dischar.ged 
is 470 metric tons/year (516 tons/yr). This represents a reduction in the 

mass of BOD5 and TSS presently discharged of 3 7 . 7  percent and 36.9 percent, 
respectively. 

During the evaluation of improved performance, it was recognized that 
significant differences in existing and potential effluent quality existed 
between two major facility categories: suspended growth and fixed film. The 

suspended growth category was comprised of activated sludge facilities and in
cluded twenty of the thirty facilities evaluated. The fixed film category 

was comprised of trickling filter,.rotatingbiological contractor and acti
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vated bio-filter facilities, and included ten of the thirty facilities evalu

ated,' The existing and potential performances from Tables 2, 3 and 4 for each 

category are summarized in Table 6. 

TABLE 5. PROJECTED IMPROVED PERFORMANCE USING CCP'S WITHOUT MAJOR FACILITY 
EXPAN SIONS 

Improved Improved Total 
Performance Performance Improved 
Occurred Potential Performance 

No. of Plants 7 14 21 

Effluent BOD5 

Total lb/day* 558 2401 2959 

Total ton/year** 102 438 540 

Effluent TSS 

Total lb/day* 765 2065 2830 

Total ton/year** 139 377 516 

* kg/day = lb/day x 0.453 


**Metric tons/year = tons/year x 0.906 


The existing performance of the suspended growth and fixed film facili

ties was nearly the same for BOD5' The mean (not weighted average) effluent 

BOD5 concentration was 34 mg/l for the su.spended growth facilities and 37 

mg/l for the fixed film facilities. The mean effluent TSS concentration was 

significantly greater for the suspended growth facilities at 52 mg/l, as op

posed to 31 ng/I for the fixed film facilities. 

Also shown in Table 6 are the high effluent BOD5 and TSS Concentrations 
' 	 for each facility category. These high concentrations represent the poorest 

effluent quality for a given facility within each of the two categories, as 

documented in Tables 2, 3 and 4 .  The poorest effluent quality for a suspended 

growth facility was 68 mg/l f o r  BOD5 and 117 mg/l for TSS, while the poorest 

effluent quality for a fixed film.systemwas lower at 56 mg/l for BOD5 and 

48 mg/l for TSS. Although some suspended growth facilities are performing 

considerably poorer than the fixed film facilities, the potential perfornance 
for suspended growth facilities through CCP's is significantly better than 
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-- -- - ------ -- 
TABLE 6. EXISTING AND POTENTIAL PERFORMANCE FOR SIJSPENDED GROWTH AND FIXED 

FILM FACILITIES SURVEYED.- -------_--
Suspended Growth Fixed Film 


No. of Facilities 20 10 
Total Flow - mgd* 11.8 29.2 

Size Range - mgd* 0.007 - 5.5 0.13 - 8.1 

Existing Performance 


Effluent BOD5 - mg/l (Mean) 

(High) 
Effluent TSS - mg/l (Mean) 

(High) 


Potential Performance After C C P ' s  

Effluent BOD5 - mg/l (Mean) 

(High) 
Effluent TSS - mg/l (Mean) 

(High) 


Potential Improvement Through C C P ' s  

Additional BOD5 Removed 
ton/year (total)** 
lb/mg*** 

Percent Improvement 
Additsonal TSS Removed 


ton/year (total)** 


lb/mg*** 


Percent Improvement 


* mgd x 3785 = cu m/day
** tons/year x 0.906 = metric tons/year 
*** lb/mg x 0.120 = gm/cu m 

34 37 

68 56 

52 3 1  

117 48 

9 .2  33 

10 56 

9.6 28 . 

10 40 

324 215 

150 40 

66 13 

378 137 

175 26 

68 10 
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for fixed film facilities. The m e a  potential effluent BOD5 and TSS concen
trations for the suspended growtn facilities were 9 mg/l and 10 mg/l, respect

ively. The mean potential effluent BOD 5 and TSS concentrations for the fixed 

film facilitieswere 33 mg/l and 28 mg/l, respectively, which is near second

ary treatment standards. 

In both suspended growth and fixed film facilities, an improvement in 
effluent quality can be achieved through CCP's without major facility upgrades. 

The potential reduction in BOD5 and TSS for the suspended growth facilities 

was 294 metric tons per year (324  tons/year) and 3 4 2  metric tons per year 

(378 tons/year), respectively. The potential reduction in BOD5 and TSS for 

the fixed film facilities was 195 metric tons per year (215  tons/year) and 
124 metric tons per year (137 tons/year), respectively. The total potential 

improvement in performance for the suspended growth facilities was slightly 

greater than for the fixed film facilities, but was significantly'greater per 
unit of wastewater flow. The combined wastewater flow rate for the suspended 

growth facilities was 44,800 cu mlday (11.8 mgd) compared to 110,600 cu m/day 

(29 .2  mgd) for the fixed film facilities. The resulting potential reduction 

per unit of wastewater flow was significantly greater for the suspended growth 
facilities at 18 gm/cu m (150 lb/mg) for BOD5 and 21 gm/cu m (175  lb/mg) for 

TSS, compared to 4.8 gm/cu m ( 4 0  lb/mg) for BOD5 and 3 . 1  gm/cu m (26 lb/mg) 
for TSS for the fixed film facilities. 

The fixed film facilities surveyed exhibited poor performance that can

not be satisfactorily improved through CCP's which exclude major plant modi

fications. Major plant modifications are required t o  expand the unit size 

of the secondary treatment process (i.e., implement a more conservative de

sign). The potential reductions in pollutant discharge for fixed film facili
ties with CCP's that exclude major modifications were only about 13 and 10 

percent of the existing discharge for BOD5 and TSS, respectively. The sus

pended growth facilities exhibited poorer performance than fixed film facili

ties, but,their performance can be improved significantly through CCP's that 

exclude major modification. The potential reductions in pollutant discharge 
for suspended growth facilities were 65 and 68 percent of the existing dis
charge for BOD5 and TSS, respectively. From this evaluation it was concluded 
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that, in general, a more conservative design approach is required for fixed 


film facilities and better operation is required for suspended growth facili


ties. 


ADDITIONAL FACILITIES ABLE TO MEET SECONDARY TREATMENT STANDARDS 

Most of the thirty facilities surveyed were constructed before the 

present secondary treatment standards were promulgated, but all were designed 

to provide secondary trerztment. A few facilities were required to meet more 

stringent standards. For this report, all facilities were analyzed with re
spect to their ability to meet the minimum monthly secondary treatment stan

dard of 30 mg/l for BOD5 and TSS. The results are presented in Table 7. It 

should be noted that the division of plants in Table 7 does not correspond to 
the division of plants in Tables 2, 3 and 4 ,  since some plants' performance 
could be improved with a CCP but would stili not meet secondary treatment 

standards. Also, at some plants that met secondary standards the performance 

could be further improved with a CCP. 

TABLE 7. 	 STJMMARY OF PERFORMANCE OF THIRTY P W T S  SURVEYED VERSUS MINIMUM 
SECONDARY TREATMENT STANDARDS 

Number of plants 

where standards were 

consistently met 


r 

Number of plants 

where standards were 

frequently violated 


Prior to After Preliminary 

Preliminary Survey Survey Potential 


7 13 23 

23 17 7 

Prior to the research evaluations only seven facilities were meeting sec


ondary treatment standards consistently. After the evaluations, which i n i l u d 

ed some operations assistance, an additional six facilities, f o r  a total of 

thirteen, met standards. Ten more fscilities, for a total of twenty-three, 


have the potential of meeting standards through implementation of CCP's with


out major facility modifications. The remaining seven of the thirty facili
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t ies would r e q u i r e  major p l a n t  mod i f i ca t ions  b e f o r e  they  would c o n s i s t e n t l y  

see t  secondary s tandards .  

Three of t h e  seven f a c i l i t i e s  meet ing secondary t r ea tmen t  s t anda rds  p r i o r  

t o  t h e  r e s e a r c h  eva lua t ion  w e r e  cons idered  t o  have bo th  good des ign  and good 

ope ra t ion .  Two of t h e  remaining fou r  f a c i l i t i e s  w e r e  underloaded (50 pe rcen t  

and 35 percent  of des ign  h y d r a u l i c  l oad ing)  and w e r e  meeting secondary t reat

ment requirements ,  b u t  could have performed b e t t e r .  Another w a s  a b l e  t o  con

s i s t e n t l y  meet secondary t rea tment  s t anda rds  because of t h e  a b i l i t y  t o  bypass  

p a r t  of t h e  i n f l u e n t  wastewater flow t o  a l a r g e r  f a c i l i t y .  This f a c i l i t y  

would s a t i s f a c t o r i l y  treat a g r e a t e r  wastewater  f low by improving p l a n t  opera

t i o n s .  The f o u r t h  f a c i l i t y  performed w e l l  when o p e r a t i n g ,  b u t  r equ i r ed  t o t a l  

shut-down and bypassing of r a w  sewage dur ing  p e r i o d s  of bulk ing  s ludge  and/or  

mechanical breakdown. Bypassing d i d  no t  occur  du r ing  t h e  e v a l u a t i o n ,  bu t  t h e  

f a c i l i t y  was  ope ra t ing  a t  only  30 pe rcen t  of i t s  des ign  h y d r a u l i c  loading .  A s  

loading  t o  t h e  p l a n t  i n c r e a s e s  more bypassing can be expected. Major modifi

c a t i o n s  w i l l  be  requi red  t o  c o r r e c t  t h e  problems a t  t h i s  f a c i l i t y .  

ADVANTAGE OF A COMPOSITE CORRECTION PKOGRAM 

Composite Correc t ion  Programs can achieve  dramat ic  improvements i n  w a s t e 

w a t e r  t rea tment  f a c i l i t y  performance. However, CCP's have t y p i c a l l y  n o t  been 

used t o  improve performance a t  e x i s t i n g  f a c i l i t i e s  t h a t  v i o l a t e  secondary 

. 	 t rea tment  s tandards .  The t y p i c a l  approach has been t o  complete major  p l a n t  

modi f ica t ions ,  u s u a l l y  through t h e  f e d e r a l  c o n s t r u c t i o n  g r a n t  process .  This 

approach was  used a t  two f a c i l i t i e s  s t u d i e d  as a p a r t  of t h i s  r e s e a r c h  e f f o r t  

which were v i o l a t i n g  t h e i r  permit  s t anda rds .  J u s t  p r i o r  t o  the r e s e a r c h  

eva lua t ions ,  major p l a n t  mod i f i ca t ions  w e r e  completed which doubled t h e  p l a n t  

c a p a c i t i e s .  During t h e  r e s e a r c h  e v a l u a t i o n s ,  n e i t h e r  f a c i l i t y  w a s  meeting 

i t s  permi t  s tandard .  The o r i g i n a l  d e f i c i e n c i e s  t h a t  were l i m i t i n g  performance 

were n o t  addressed i n  t h e  p l a n t  upgrades.  F u r t h e r ,  i t  was  judged that i f  

t h e s e  d e f i c i e n c i e s  w e r e  c o r r e c t e d  be fo re  t h e  p l a n t s  had been expanded, t h e  

expansions would not have been r equ i r ed .  The d e f i c i e n c i e s  t h a t  e x i s t e d  p r i o r  

t o  t h e  p l a n t  expansions and cont inued t o  exis t  a f t e r  t h e  expansions s t i l l  

needed t o  be c o r r e c t e d  b e f o r e  s a t i s f a c t o r y  performance could  be achieved.  A 
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prope r ly  conducted CCP a t  t h e s e  two p l a n t s  could have s a t i s f a c t o r i l y  improved 

t h e i r  performance and e l imina ted  the  need f o r  expansion. The g r e a t e s t  c o s t  

advantage f o r  C C P ' s  occurs  when they  e l i m i n a t e  t h e  need f o r  a major f a c i l i t y  

modi f ica t ion .  For t h e s e  cases ,  c o s t  sav ings  through CCP's could reach  

s e v e r a l  hundred thousand d o l l a r s  pe r  p l a n t .  

Exact c o s t s  f o r  a t y p i c a l  CCP a r e  d i f f i c u l t  t o  e s t i m a t e  f o r  a v a r i e t y  of 

reasons.  A CCP always inc ludes  t h e  cos t  of provid ing  t h e  t e c h n i c a l  a s s i s t a n c e  

s e r v i c e  and may con ta in  c o s t s  necessary  f o r  minor p l a n t  mod i f i ca t ions ,  s t a f f 

ing  a d d i t i o n s ,  s p a r e  p a r t s  a d d i t i o n s ,  increased  s ludge  handl ing ,  e t c .  The 

c o s t  of a CCP i s  dependent upon f a c i l i t y  s i z e  and type  and t h e  number and 

magnitude of f a c t o r s  l i m i t i n g  t h e  p l a n t ' s  performance. Because each f a c i l i t y  

i s  unique i n  i t s  s p e c i f i c  c o l l e c t i o n  of  ?erformance l i m i t i n g  f a c t o r s ,  t h e  c o s t  

f o r  each  CCP would be widely v a r i e d .  A c o s t  f o r  an 1890 t o  18900 cu m/day 

(0 .5  t o  5 mgd) a c t i v a t e d  s ludge  p l a n t  would t y p i c a l l y  range from $5,000 t o  

$50,000. The gene ra l  approach t o  conduct ing every  CCP i s  s i m i l a r  and is  des

c r ibed  i n  t h i s  s e c t i o n  of t h e  r e p o r t .  The approach desc r ibed  f o r  conduct ing 

CCP ' s ' i s  re la t ive t o  t h e  s i z e  range of p l a n t s  eva lua ted  du r ing  t h i s  r e s e a r c h  

e f f o r t  ( i . e . ,  less  than  37,850 cu m/day (10 mgd). 

Implementation of a CCP involves  t e c h n i c a l  assistance t i m e  f o r  an i n i 

t i a l  on - s i t e  v i s i t ,  te lephone c o n s u l t a t i o n s  and follow-up on- s i t e  v i s i t s .  

The o v e r a l l  t i m e  per iod  f o r  which t h e  CCP is  conducted is  t y p i c a l l y  one year .  

The re la t ive  t i m e  involvement f o r  implementing a CCP i s  i l l u s t r a t e d  i n  F igu re  

6.  T i m e ' f x  on - s i t e  v i s i t s ,  te lephone  c o n s u l t a t i o n ,  and t h e  o v e r a l l  t i m e  

per iod  6- i r ing vhlcf.. t h e  CCP is  conducted varies depending upon f a c i l i t y  s i z e  

and type ,  p l a n t  personnel  t r a i n i n g ,  p l a n t ' p e r s o n n e l  a t t i t u d e  and a p t i t u d e  and 

. 	 o t h e r  performance l i m i t i n g  f a c t o r s  t h a t  e x i s t  a t  t h e  f a c i l i t y .  A s  such,  t h e  

i n i t i a l  on-s i te  v i s i t  may r e q u i r e  a few days up t o  several weeks. This i n i 

t i a l  v i s i t  i s  followed wi th  "wai t ing t i m e "  and te lephone  c o n s u l t a t i o n .  Tele

phone c o n s u l t a t i o n  w i t h  t h e  p l a n t  process  c o n t r o l  coord ina to r  may be main

t a ined  on a d a i l y ,  semi-weekly o r  weekly b a s i s ,  depending upon t h e  s i t u a t i o n .  

The wa i t ing  t i m e  and te lephone c o n s u l t a t i o n  ac t iv i t i e s  are i n t e r s p e r s e d  wi th  

on - s i t e  v i s i t s  dur ing  which problems are i n v e s t i g a t e d  f u r t h e r  and t e c h n i c a l  

a s s i s t a n c e  a c t i v i t i e s  and t r a i n i n g  are r e i n f o r c e d .  The follow-up on- s i t e  
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INITIAL SITE 
VISIT 

WAITING 
TtME 

TELEPHONE 
CONSULTATION 

ON-GOING 
SlTE VISiTS 

OVERALL TIME FOR C C P  ITYPICALLY ONE YEAR]  

Figure 6 .  Relative time invoii.+.:;:'ntfor CCP activities. 


visits are scheduled at'weekly, bi-weekly, monthly or bi-monthly intervals 


depending on the need. Each on-site visit typically lasts from one to five 


daysa 


The outlined approach for implementing a CCP has numerous advantages for 

achieving and maintaining desired facility performance. The long time in

volvement greatly increases the chances of identifying and correcting problems 

in the administration, maintenance and design areas. Also, the long time 

frame is very compatible with optimizing a biological system which has an in

herently slqw responsive nature. Another advantage is that during the time 

optimum facility performance is being achieved, process control capability is 

transferred to plant personnel so they can maintain performance at the improved 
levels. This transfer is accomplished by interspersing on-site, one-on-one 
training activities and telephone consultation activities with waiting time. 

During the waiting time plant personnel are forced to observe changes in bio

logical system characteristics and complete the required process control ad

justments. Plant personnel must then discuss their observations and adjust

ments with the technical assistant. This procedure of "guided observance" of 

system response is a very effective mechanism to develop the operator's ability 

to correctly apply concepts of plant operation to process control. Also, the 
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t e c h n i c a l  a s s i s t a n t  is  b e t t e r  prepared t o  conduct o t h e r  CCP's due t o  t h e  ex

pe r i ence  gained by account ing f o r  p rocess  response  over a long  per iod  of t i m e .  

These advantages are f u r t h e r  accentua ted  by t h e  f a c t  t h a t  p l a n t  and adminis

t r a t i v e  personnel  g a i n  long term access t o  t e c h n i c a l  guidance a t  a minimal 

c o s t .  Jud ic ious  u s e  of w a i t i n g  t i m e  a l lows  t h e  c o s t  f o r  CCP's t o  be minimized 

relative t o  t h e  long  t i m e  involvement b e n e f i t s  gained.  

P r e s e n t l y ,  p l a n t  upgrading through c o n s t r u c t i o n  i s  u s u a l l y  s e l e c t e d  as  

t h e  a l t e r n a t i v e  f o r  improving t h e  performance a t  a ' p l a n t  t h a t  i s  v i o l a t i n g  i ts  

permit s t anda rds .  Some level of p l a n t  mod i f i ca t ion  o r  upgrade might be con

s ide red  adequate  t o  enable  f a c i l i t i e s  t o  m e e t  s t anda rds  with a minimum empha

sis on p l a n t  ope ra t ion .  However, twenty-three of t h e  t h i r t y  f a c i l i t i e s  evalu

a t e d  (6)  d id  n o t  meet secondary t rea tment  s t anda rds ,  y e t  t h e  average h y d r a u l i c  

loading  of t h e s e  p l a n t s  w a s  on ly  61 pe rcen t  of des ign .  The average load ing  

f o r  t h e  seven p l a n t s  which m e t  s t anda rds  w a s  n o t  much lower a t  55 pe rcen t  of 

des ign  capac i ty .  P l a n t s  which m e t  secondary s t anda rds  were loaded as h i g h  as 

98 percent  of des ign .  It w a s  concluded t h a t  p l a n t  over  des ign  a lone  d i d  n o t  

s i g n i f i c a n t l y  promote good performance. However, a CCP conducted i n  conjunc

t i o n  w i t h  o r  p r i o r  t o  p l a n t  expansion does i d e n t i f y  and c o r r e c t  problems a t  

e x i s t i n g  p l a n t s  and may e l i m i n a t e  t h e  need f o r  a p l a n t  expansion a t  some f a c i l 

i t i e s .  I n  t h i s  con tex t ,  t h e  c o s t  comparison of a CCP v e r s u s  p l a n t  upgrading 

through cons t ruc t ion  i s  i r r e l e v a n t .  P l a n t  upgrading t o  ach ieve  b e t t e r  per

formance cannot be a s u b s t i t u t e  f o r  a CCP, bu t  r a t h e r  should on ly  occur  as a 

p a r t  of a CCP. 
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